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pCR 45.820 General considerations on device complexity 
Introduction

This document provides some introductory text for the Technical Report relating to MS Complexity Evaluation to be inserted in Section 5.5 just before Section 5.5.1. 

Proposed text for the TR
5.5
Complexity comparison methodology
	Start of Changes


The goals of the study item were to identify standardisation options to meet the requirements of an important future class of applications: providing communications to very large numbers of devices forming part of the "Internet of Things".  One of those requirements relates to device cost, which is influenced inter-alia by complexity: accordingly one of the goals was ultra-low complexity.

A primary cost reduction factor for electronics products is "economy of scale", which permit the design and production of cost-effective dedicated "Systems on Chip" (SoC) by amortising the fixed costs of development, manufacture, logistics, software maintenance and so on across large numbers of units.  The cost of an SoC is determined by a number of factors including complexity.  Hardware complexity (e.g. numbers of logic gates, memory size) translates to silicon die size: as the cost of processing a silicon wafer is fixed, the more working dies that can be cut from the wafer the cheaper each device is.  Software complexity maps on to code size, which influences the memory size required, which influences die cost in the same way.  Ideally all the functions required in a device, radio, analogue and digital, RAM and flash memory, should be realised on one die or "chip".  As feasible silicon geometries get smaller (with the next generation of devices targeting feature sizes of ~10 nanometres), it can get become difficult to integrate all these functions on the same SoC die, so an older process may be more suitable from an overall product point of view even though the pure "digital" functions could be smaller in a newer, smaller geometry process.  It should also be noted that the cost of a device is not only influenced by the die size and the BoM of its individual components but includes other aspects such as sourcing costs, inventories, IPR costs and so on.

GSM technology is by far the most widely deployed global cellular technology to date. GSM SoCs are therefore highly integrated to minimise the silicon cost proportion of a terminal, and benefit from a huge economy of scale.  If an existing device may be adapted by software changes to an evolved GSM system for cellular IoT this scale economy will also carry forward.  An evolved version of a GSM device for cellular IoT would benefit from the existing advanced state of integration in its design, driven by this scale economy, to fully deliver the benefits of the evolved system.

However, the projected quantities for Cellular IoT  devices using any technology whether evolved from an existing standard or a clean slate are very high [1], and could easily outstrip even today’s GSM volumes and therefore attract a similar focus on cost and complexity reduction.

In "M2M" applications up to now, it is possible that the actual communications device cost is a (very) small proportion of the total lifecycle cost to the end-user (which is usually an organisation rather than an individual).  Many other costs, including installation, connection and subscription cost, air-time charges, maintenance and logistics costs, may be much more significant though the balance between all the different cost aspects may change with scale of deployment.  

In addition the significance of a given cost element will be different for different actors in the supply chain.  As noted above, a semiconductor vendor's costs are lowered by reducing silicon area as enabled by complexity reduction.  Today most cellular M2M / IoT applications are served using cellular modules integrated as a component into a larger product, and module manufacturers' costs are heavily dependent on the basic SoC cost.  As M2M moves to IoT, cellular solutions will have to compete with many other radio solutions that could be built into the "things" that are to be connected, from standardised short-range technologies using generally license-exempt spectrum to proprietary long-range systems (also using license-exempt spectrum).
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